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(57) Abstract 



A composition for disinfecting an ani- 
mal product comprising an electro-chemically 
activated, anion-containing aqueous solution. 
A plant for treating an animal product includ- 
ing a water reservoir (12), a salt feed device 
(16) for creating an aqueous salt solution, an 
electrolysis device (18) to produce anolyrte 
and catolyte solutions, an anion mixing tank 
(28), and a treatment container (30) to apply 
the solution to an animal product. 
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AQUEOUS SOLUTION FOR DISINFECTING AN ANIMAL PRODUCT. A METHOD AND A PLANT FOR SUCH 
DISINFECTION 

This invention relates to a composition for dtsmfecring m animal product, to 
a method of disinfecting an mtmrnl product, to a treatment plane and to an 
animal product disinfected with such a oomposM flp 

Badgmmi ts das Ibssbmk 

5 For the purposes of this specification, the term "animal product" should be 
construed to wff ^tnie wttfaou its meaning tfao ' c a sc as s ox a pr od uct ob ta ine d fiom 
the carcass of an animal, including its skin, coat, hide or feathers and the word 
"animal" should be construed to include within its m eaning sheep, cattle, 
goats, pigs, riririffiTtt, ostriches, fish and the like from which a carcass or a 

10 product could be obtained. The Applicant envisages further that the invention 
wiH be applicable particularly, but not exclusively, to-the treatment of animal 
products in the form of food and food-related pnxhtcts. Such products include 
fish, meat and meat-related products such as sausage casings, offal, waste 
produced in meat-producing plants such as fisheries, abattoirs and the nice. It 

15 is also envisaged that treatment would result m shelf life extension through 
decontamination of the various products. 



Object of feg jprmtipn : 

It is acc ordin gly an object of the invention to provide a novel oaxnpostoon for 
disinfecting animal products as well as the related animal products and method. 
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Summary of the invention : 

In accordance with a first aspect of the invention there is provided a method 
of disinfecting an animal product, the method including the step of exposing 
the a nimal product to a composition comprising an electro-ctecmcaHy 
activated, amaa-coitiammg aqueous solution. 

The solution may be an aqueous solution of a salt The salt may be sodium 
chloride. In particular; it may be non-iodated sodium chloride or potassium 
chloride. 

The method may include the steps of diluting the anion-contaming solution to 
a pie-determined concentration and exposing the *"rm^l product to an 
appropriate quantity of the diluted am on-containing solution m & for a 
predetermined time period in a treatment facility. 

If desired, die method may include a preliminary step of washing or rinsing the 
animal product in a washing vessel prior to treatment in the treatment 
container. Washing or rinsing may be with water obtained from die said 
source of water. The method may then include coBectxng efBuesr water from 
the washing vessel, clarifying the effluent water by exposing it to an 
appropriate quantity of the catLon-contaming solution, cfisnifectmg the clarified 
water by treating it with an ap pr opri ate quantity of the diluted anion-cootaiaing 
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solution and re-escalating the clarified and disinfected water. 

The amon-oontammg solution and die cadoa-cemtazzung solution may be 
produced by an clcrtro-chenucal reactor or so-called electrolysis device. The 
electro chemical reactor may include a through flow, electro chemical cell 
having two co-axial cylindrical electrodes with a coaxial between 
them so as to separate an annular inter electrode space into a catalytic and an 
analytic chamber. The anion-K^ntaming solution is referred to ksemafter for 
brevity as the "anolyte sohrnon" and the cation^ntaming sohmon is referred 
to hereinafter for brevity as the "catholyte solution". 

During the electrolysis process, various radical cation and radical anion species 
are produced. Generally, a 10% aqueous NaCl solution of water is added to 
tap water where it is electrolysed in the anion and cation chambers to produce 
radical cation and radical anion species having extremely high redox potenti als 
of between +500 and +1170 mV and about -980 xnV respectively. These 
species may be labile after about 96 hours with no residues so as to disapp ear 
being produced. 

The anolyte sohmon generally may have a pH of about 2-8 and a redox 
potential of about +1 170 mV. The species present hi the anolyte solution may 
include CIO ; CIO" ; HdO; OH" ; HO,- ; H^Oj ; O, ; SjO,*- and 0,0/-, 
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These species have beca found to have a synergistic ami-bacterial effect which 
is generally stranger than that of chemical bactericides and has been found to 
be particularly effective against viral organisms and spore and cyst forming 
bacteria. 

5 The catholyte solution generally may have a pH of about 12-13. The species 
present in the cathofyte solution may include NaOH; KOH; CAOOHX ; Mg 
(OH),; HCT; H 3 0,;HO 2 -; HA'; 0 2 - ; Off; 0>*. 

Exposing the annual product or carcass to the anoiyte solution may include 
soaking, rinsing or dipping the annual product in the anoiyte solution, applying 

10 the anoiyte solution via an atoxmsing or fogging process or freezing the anoiyte 
solution and using the ice produced to pack the animal product. The soaking, 
nnsmg or dxppmg process is suitable for products such as offel which can he 
handled with relative ease, either manually or mechanically. The redox 
potential of the anoiyte solution can be monitored during the process so that 

15 the disinfecting process can be monitored and controlled on a continuous basis. 
The atomising or fogging process is suitable for products such as carcasses 
when suspended in a driller The atomising or fogging process may include 
the step of atomising the anoiyte solution into die atmosphere in an enrio s um 
to be treated, forming droplets of between 5 and 100 micrometres. The 

20 atomising or fogging process is preferably repeated atpxe^etennined intervals 



WO 99/20129 



5 



PCT/US98/22370 



so as to maintain a suitable level of anolyte solution concentration in the 
atmosphere, thus using the optimum microcidal and other prop e rti es of the 
anolyte solution in accordance with the required administration rate. The 
anolyte solution also may be applied by an atomising process in air ducting 
systems to destroy air-borne micro-organisms. The use of frozen anolyte 
solution has been found to extend the usable life of animal products packed 
in the frozen anolyte solution, eg. fish; 

In accordance with a second aspect of the invention, there is provided a 
treatment plant for treating an animal product in accordance with the method 
of the invention. 

The treatment plant may include 
supply means for supplying water, 

feed means for feeding a suitable salt into the water to produce an aqueous salt 
solution; 

an electrolysis device for electrolysing the aqueous solution to produce a* 
anolyte and a catholyte solution; 

a mixin g and dilution tank for mixing and diluting the anolyte solution; an<J 
means for applying the anolyte solution to a product. 
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the treatment plant may include recycling means for recycling anolyte and 
catfaolytesohmani^ 



In accordance with a third aspect of the mvenfion toe is provided a 
composition for disinfecting an animal product comprising an dectro 
5 chemically activated anion containing aqueous solution, the sotaam being 
substantially as herein defined. 

Ia accordance with a fourth aspect o f the invention there is provided an animal 
product characterized in having been disinfected whfa a composition aadfor in 
a plant or a process as herein defined. 



10 Detailed Itecnnrion of the Invention : 

Preferred embodiments of the invention will now be described by way of an 
example, with reference to the accompanying schematic drawing ittasttatmg-a 
treatment plant in accordance with the invention, and by way of tests with 
reference to Ac tables. 

15 With reference to the drawing, drinking quality water is provided as shown at 
11 in a water reservoir 12. If die process and the plant is to be operated wife 
water inferior to drinking quality water, a pie-treatment step may be ex ce pted 
in the water reservoir 12, or in a container upstream of die water reservoir 12 
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to raise the quality of the water to that of drinking quality water. 

A mother line 14 conducts water from die water reservoir 12 to wherever 
drinking qaa&tv water is required in the process as will become apparent 
hereinafter. 

5 Reference numeral 18 indicates an electrochemical reactor or so-called 
electrolysis device. Water from the motheriine 14 is exposed to sodium 
chloride as indic a te d at 16 to produce a sodium chloride solution. The sodium 
chloride solution is fed into the electrolysis device 18, as well as water from 
the water reservoir as indicated by reference numeral 20. By dectxoiysis, an 
10 amon-ccntaunng sofnnxm or anolyte solution is produced as indicated by 
reference numeral 22. Also a canon-containing solution or catholytc solution 
is produced as indicated by reference numeral 24. 

The anolyte solution at 22 is admixed with water from the motherikie in a 
manifold valve 26 to produce an anolyte solution of predetermined strength 
1 5 which can selectively be directed into an anion mixing tank 28. 

Animal product to be treated in accordance with the invention, for example an 
offal in an abattoir, is introduced into a washing container 36 as indicated by 
reference numeral 44. In the washing container 36, water is drawn from the 
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motherline 14 as indicated at 38 to wash the amsoai product After wasted 
the animal product is transported as i nd ic at ed by reference numera l 40 into a 
treatment container 30. Fffh"* 1 * is caW^s^A from the washing j^ontaiirr r 
36 as in&caied by reference numeral 42. 

The pre-washed animal product is exposed in the treatment container 30 to an 
appropriate quantity of the anoiyte solution from the mixing tank 28 to 
d is infect fee animal product The disinfected ammrf product is tianspotted to 
a product processing and packaging station 32 where k is farther processed. 
Used solution after disinfection is collected from die treatment contamer 30 as 
indi ca te d by r e f e ren ce numeral 34. 

The effluent water at 42 and the used solution at 34 are added and are 
conducted as indicated by reference numeral 46 to a clarification cont a iner 48 
where it is exposed to an appropriate quantity of the catholyte solution 24 to 
clarify it by means of floccularion, clarification or the like. The clarified 
water is conducted as indicated by reference numeral 50 to a disinfecting 
co ntainer 52 where an appropriate quantity of the anotyte solution of 
predetermined strength is obtained via the manifold valve 26 to produce 
disinfected water which is re^ircuiaxed to the water reservoir 12 as increased 
by reference numeral 54. 
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Tests 

An electro chemical reactor, including a through flow electro ctamcal ceil 
having coaxial cylindrical electrodes with a coaxial diaphragm between dxm 
so as to separate an annular inter electrode space into a catalytic and an 
analytic chamber , was used to produce anolyte and catholyte for the tests. 

Tffl? tft I = 9 

In a series of 9 tests, the bactericidal and shelf-life prolonging effect of ihe 
anolyte sohiriaa was tested on animal products such as offal, meat, fish, hides* 
etc,. The experimental protocol and the subsequent results are summarised in 
Table 1 below in winch the experiments are numbered from 1 to 9. 

In test 4, 3 bovme livers were submerged consecutively for 2 minutes. Redox 
depletion was measured after each submersion as well as microbiological 
counts. 

Test 10 

A further test was conducted to determine the nricrobiologicai quality of beef 
<i^ty asses after having been fogged with anolyte. 
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Treatment 

During the test 24 beef carcasses were used, 12 for a control group and 12 for 
a test group. The 12 carcasses from the control group and die 12 carcasses 
from the test group were all microbiologicaliy sampled directly after slaughter. 
After the carcasses had been placed in the respective chafers, the 12 beef 
carcasses from the test group were fogged with Anolyte. All the beef carcasses 
(treated and controls) were microbiologicany monitored after the logging 
process was completed. 

All die carcasses were microbiologically monitored using rodac plates. 
Samples were taken at 4 positions on both the left and right sides of each 
carcass i.e. the 

Lateral surface at die 7th and 8th vertebrae; 

Medial side of the hind limb; 

Carcass surface at die breast area of the 7th and 8th rib; 

Proximal part of the neck area; and 

Carcass surface in the perineal region. 
After samp ling , die rodac plates were incubated at 25°C for 3 days. A total 
count per 24cm 2 was then determined. 
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II 

An ANOVA procedure was used to determine differences statistically between 
treatments. 

A statistical analysis of die total count of the 12 control and 12 test carcasses 
5 is shown in Table 2. 

A total count of the beef carcasses of both the control and the test group is 
shown in Table 3. 

frfigmhmWcgl evaluation 

According to the statistical analysis the microbial contamination of the 12 
10 Anolyte treated carcasses was significantly lower after fogging than the 
contamination level of the control carcasses (Table 2:P=O,0001). 

Table 3 clearly indicates that the total count of die control group of carcasses 
vs the test group of carcass^* were at a similar levels just after slaughter (log 
1,6724 cm 2 ). However, the total count of the test group was significantly 
15 reduced after fogging from log 1,6/24 cm 2 to log Q,54/24cnr. The test group 
beef carc asses therefore had significantly lower total counts than the control 
group beef ca r cass es . 



WO 99/20129 



12 



PCT/US98/22370 



Test 11 - 16 

A farther series of tests were cepdncted with Anoiyte aimed at preventing die 
oxidation of meat During the thai* the following meat cots wcxe used : beef 
loin steaks, beef topside ounce and chicken drumsticks. 

The treatment groans woe as follows : 

1. Control 

2. Anoiyte 

3. Anolyte-HjOCatolytc 

4. Catolyte. 

All the rump and loin steaks, as well as the chicken drumsticks weir 
submerged into the respective treatment liquids for a period of 3 minutes. The 
topside mince was treated with a hand held sprayer. 

Sfrflftifft *n<tY 

After each treatment, all the cuts were singly placed on polystyrene trays and 
overwrapped with PVC All the cots were then placed in retail display cabinets 
and displayed for a period of 24, 48, 72 and 96 hours at 4*C. After each 
subsequent display period, cuts from each treatment were analysed for colour. 
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Colour 

Sceptrophotometric reflectance analyses were used by taking readings from the 
overcropped steaks to calculate the percentage of metmyo^obm (MMb), 
following the procedures of Krywicki (1979). 

5 Statistical Aaabsfi 

ANOVA procedures were ased to determine between tr eatment s over time. 

A statistical analysis of the metmyoglobin accumulation of loin steaks, topside 
mince and rump steaks, stared ax 4°C for 96 hours, is shown in Table 4. 

Metmyoglobin accumnlatioo (brown discoloration) for main effects is shown 
10 in Table 5. 

Metmyoglobin accumulation of loin stakes *faTT"g a shelf life study of "6»96h 
at 4°C is shown in Table 6. 

Metmyegjobm accumulation of topside mince during a shelf life study of 0 - 
96 h at 4°C is shown in Table 7. 



15 



Metmyoglobin accumulation of rump steaks during a shelf lire study of 0 - 
h at 4°C is shown in Table 8. 
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According to statistical*^ 

life period) were rigmficandy mftaenced (P valves <0.05) by the accanffllatwi 
of metmyoglobm (Mmb) (Table 4). Meimyc^obin gives an indication of the 
brown discoloration, which has taken places on each meat cot 

As shown in Table 5, the samples leceivi^ 

significantly (P-0,0147) less daring the shelf Hfe study than the contort 
samples, the samples receiving the Catolyte or combined Anolyte-Catoiyte 
treatment Furthermore, the lorn cuts discoloured less dining the shelf life 
period than the other two cuts included in die study. 

According to a study done by Hood, 1980, a discoloration level of 20% 
indicates a reduction of 50% in the amount of sales. If a cut off point -of ca. 
20 - 25% metmyoglobin is taken as the end of retail acceptability, the topside 
mince treated with Anolyte in this trial achieved a 48 hour shelf Hfe. In 
contract, all the other mince samples treated (control, Catolyte, Anolyte- 
Catolyte combination) only achieved a 24 hour retail shelf Hfe according to this 
criteria. 



If tins cut off point of ca 20 - 25% metmyoglobin is again applied to die rump 
steaks assessed du ring this trial, the rump steaks treated with Anolyte and 
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Catotyte in this trial achieved a 48 hour shdf Kfb, while die ramp steaks 
treated with the Anolyto~CatoIytc combinations achieved a 24 hour retail- shdf 
life. In contrast, the control samples were only acceptable on time 0 of study, 
Le. a 0 hour retail shelf Hffe, according to this criterion. 



A final test was conducted with Anoiyte anned at detenmnxng-4ho redacttoa in 
weight loss in pig carcasses during chilling. 

The carcasses were stored at about ~3°C in a cold room. An Anolyte 
atmosphere was pro du ced by means of fogging. 

10 The Anoiyte, generated at a total flowrate of about 7S0m)/min. had the 
following c^aracterfftics : 



5 



TDS 



6,04 g/1 



pH 



6-8 



ORP 



+7d2mV 



15 



Apjrfkatkm: ISO ml/m J 



The redaction in weight loss daring chilling due to Anotyte fogging is shown 
in Table 9. A redaction of 132% in weight loss was measured and calcalated 
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The treatment of an animal product as described above has been found to 
extend the shelf life and quality of the product as a result of the anti-microbial 
action of the anolyte solution. 

Treatment of sausage casings for example resulted in a substantial bacterial 
5 count reduction. 

The Applicant believes that the oxidising free radicals present in the anolyte ' 
solution act synergistically at a bacterial cellular level. 

It has been found that the effectiveness of the anolyte solution depends upon 
the flow rate through the reactor which determines the concentration of the 
10 anolyte, as measured by the oxidation-reduction potential (ORP), or redox 
potential of the anolyte solutions, the flow rate through the reactor the 
exposure time, i.e. the contact time between the contaminated product surface 
and the anolyte solution and the temperature during application. A flow rate 
of 750xnl/nun through a pair of electro chemical cells have been found to be 
most effective. By measuring the redox potential of the anolyte solution dunng 
the treatment, for example, of an animal product, the available free radical 
concentration can be determined and monitored. Anolyte has been found to be 
more effective at lower than at higher temperatures and at neutral pH ranges. . 



15 
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It will be appreciated that many variations in detail are possible without 
departing 

bom the scope and/or spirit of the invention as claimed in the claims 
hereinafter. 
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CLAIMS : 



1. A method of disinfecting an animal product, the method including 
step of exposing the animal product to a composition comprising 
clectrc-chcmically activated, anion-containing aqueous solution. 

2. The method as claimed in claim 1, including the sxeps of diluting tlje 
anion-containing solution to a pre-determincd concentration aijd 
exposing the animal product to an appropriate quantity of the diluted 
anion-containing solution and for a predetermined time period in ja 
treatment facility. 

3. The method as claimed in claim 1 including the step of producing tjie 
aqueous solution with an electro-chemical reactor, the reactor including 
a through flow, electro chemical cell having two co-axial cylindrical 
electrodes with a co-axial diaphragm between them so as to separate (an 
annular inter electrode space into a catalytic and an analytic chamber. 



4. 



The method as claimed in claim 1 wherein the aqueous solution haj* a 
redox potential of between +500 and +1 170 mV and a pH of about 2^-8. 
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5. 



6. 



The method as claimed in claim 1 iacJudmg at least one of the steps |of 
soaking, rinsing or dipping the animal product in the solution, app^g 
the solution via an atomising or fogging process and freezing tjie 
solution and using the ice produced to pack the animal product. 

The method as claimed in claim 5 wherein the atomising or fogging 
process includes the steps of atomising the solution into the atmosphere 
in an enclosure to be treated, forming droplets of between 5 and lCjo 
micrometres. 



10 



7. A treatment plant for treating an animal product in accordance with th|> 
method of the invention, the treatment plant including 
supply means for supplying water; 

feed means for feeding a suitable salt into the water to produce aij 
aqueous salt solution; 

an electrolysis device for electrolysing the aqueous solution to produce] 
75 811 anolyte and a catholyte solution; 

a nrixing and dilution tank for mixing and diluting the anolyte solution;) 
and 

means for applying the anolyte solution to a product 
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8. A composition for disinfecting an animal product comprising an electro 
chemically activated anion containing aqueous solution. 

9. An animal product characterized in having been disinfected with a| 
co mpo sition and/or in a plant and/or a process as claimed in claims 1,| 
8 or 9. 
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Table 2: Staasticai analysis of the Total 



count of the 12 Control and 12 Anolyte treated 



Source of variation 




level 


vs. moJvte) 


I 


0.0001 



Table 3; Total counts of beef carcasses treated 



with Anolyte vs. a Control group. 





Log/24 ear* 


Control group after slaughter 
Control group in chiller 
Anolyte group after slaughter, 
before fogging 

AnorytB group after fogging with 
Anolvte 


1,6 ~~ 

1,2 

1.6 

0,54 | 



T«Me4: Staasacal analyst of ^ mca^^ accumulatlon of ^ 
and nnnpsteaks, stored « 4 °C for 96 h 



So«rce of variation 


I d\t 


level 


Treatment 
Meat cut 
Shelf life period 


3 
2 
4 


0,0147 
0.0001 
0,0001 
0,0020 
0,6302 
0 T 0001 


Treatment X Meat cut 


6 


Treatment X Meat cut 


12 


Meat cur X Meat cut 


8 
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Table 5: Metmyoglobin accumulation (brown discoloration) for main effects 



Main effects 


IEISIiIiaD3jK 


1 % Mmh 


1 St/L FrMr 
1 OUl> LilUi 


Treatment 


Anolyte 


24.3 


0.7 




Anolyte-H20- 


27.5 


0.2 




Catolyte 








Catolyte 


27.1 


1.0 




Control 


28.2 


23 


Meat cut 


Loin steak 


19.6 


3.2 




Topside 
Mince 


30.7 


2.0 




Rump steak 


29.9 


2.2 


Shelf life period 


0 


8.2 


13 




24 


22.0 


. 1.2 




48 


28.6 


1.2 




72 


34.2 


1.8 




96 


40.7 


5.1 



Table 6: Metmyoglobin accumulation of loin steaks during a shelf life study of 0- 96h at 4 °C. 



Main effects 


Shelf life(h) 


%Mmb 


1 Std. Error 


Control 


0 


12.9 


0.7 




24 


16.7 


0.2 




48 


21.0 


1.0 




72 


24.5 


2.3 




96 


26.7 


3.2 


Anolyte 


0 


5.2 


2.0 




24 


15.9 


2.2 




48 


22.0 


1.3 




72 


23.0 


1.2 




96 


27.0 


1.2 


Anolyte-H20-Catholyfe 


0 


4.4 


1.8 




24 


20.2 


5.1 




48 


24.5 


3.9 




72 


20.2 


3.0 




96 


27.0 


23 


Catholyte 


0 


10.3 


5.0 




24 


15.9 


2.5 




48 


22.5 


1.4 




s 1 


- 25.2 


0.7 






26.8 


0.7 
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Table 7: Metmyoglobia accumulation of topside mince during a shelf life study of 0- 96a at 4 1c 



Mala effects 


navunm im*™ mmm^.m 


Control 


0 


10.8 


2.1 




24 


24.6 


1.6 




48 


29.6 


1.4 




72 


35.7 


2.2 




96 


40.8 


4.6 


Anolyte 


0 


8.3 


2.1 




24 


19.7 


2.2 




48 


27.3 


1.1 




72 


40.8 


2.8 




96 


47.2 


2.7 


Anoiyte-H20-Caiholyte 


0 


11.5 


1.9 




24 


25.2 


2.9 




48 


36.9 


2.8 




72 


39.7 


0.9 




96 


55.7 


1.7 


Catholyte 


0 


6.7 


2.4 




24 


26.5 


1.3 




48 


34.8 


1.4 




™ 


40.6 


1.9 




96 


52.8 


4.7 


8: Mctmyoglobia Accumulation of rump steaks during a shelf li 


f e stud v of O- OAK 


Main effects 


Shelf life <b) 


% Mrab 


St <L Error 


Control 


0 


9.9 


1.4 




24 


32.3 


1.4 




48 


37.0 


5.3 




72 


43.9 


7.5 




96 


54.9 


7.3 


Anolyte 


0 


5.2 


2.3 




24 


24.1 


1.9 




48 


27.1 


3.9 




72 


38.0 


4.4 




96 


33.6 


5.3 


Anoiyte~H20-Catholyte 


0 


4.5 


1.8 




24 


21.5 


5.0 




48 


3Z6 


3.0 




72 


40.5 


7.8 




96 


49.1 


8.1 


Catholyte 


0 


9.0 


2.8 




24 


22.0 


1.5 




48 


27.6 


2.9 




72 


38.8 


3.4 




96 


47.6 


6.9 
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Table*: The effect of Anolyte Fogging on the mass loss during chilling 

(Pig Carcasses) 



Caress* 


Warm Mast (kt) 


Cold Mau (kg) 


Mass (kg)% lot* 














CI 


50.4 


48.4 


3.97 














C2 


56.4 


54.5 


3.37 














C3 


47.8 


45.9 


3.97 














C4 


50.4 


48.5 


3.77 














C5 


41.8 


40.9 


2.15 














C6 


36 


34.3 


4.72 






1 






Al 


54 


53 


1.85 














A2 


36.4 


35.1 


3.57 














A3 


50.2 


48.6 


3.19 














A4 


44.8 


44 


1.79 










i 




A5 


45.4 


44.7 | 1-54 










1 




A6 


47.8 


46.8 


2.09 





3.66-234 - 1 J2% Saving 

C "= Control 
A« Anolyte 

Numbers 1-6 = Carcass number 
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